Higher order modes in the accelerating cavities are expected to drive coupled bunch instabilities in the ALS, which will be overcome by a bunch-by-bunch feedback system. Computations of the cavity higher order modes using the URMEL-T and MAFIA codes are presented. Damping of the higher order modes is achieved by filters in the high power feeder waveguide which is aperture coupled to the cavity. Measurements of the modes in an ALS 500 MHz cavity are presented and compared with the computed values for an isolated, undamped cavity. The resources of the Lambertson Beam Electrodynamics Laboratory of the Center for Beam Physics at LBL were used to perform these studies.
I. INTRODUCTION
The design current of the ALS storage ring is 400 mA in multibunch mode, leading to coupled bunch instabilities with growth rates faster than the radiation damping rate for typical RF cavity higher order mode (HOM) impedances [ 
11.
Suppression of coupled bunch instabilities will be achieved by a bunch-by-bunch feedback system, described elsewhere 123. The required gain of the feedback system is determined by the strongest driving impedance, and for nominal operatiaa it has been assumed that the longitudinal HOM's can be dampedsuch that the total shunt impedance Rs at frequency op is: R, 5 s 120 kSZ where wrf is the frequency of the RF system (500 MHz). In the transverse case a maximum transverse impedance of 4 M!2 m-1 is assumed.
Calculations using the URMEL-T electromagnetic design code suggest that without damping a single ALS cavity would have higher order modes of up to 1.9 MR shunt impedance (at 800 MHz) and 30 Mi2m-l transverse impedance.
In order to better quantify the impedance of the cavities, measurements were made of a spare cavity, identical to the cavities in the storage ring, with waveguide coupler and higher order mode filters included in the measurements.
Higher order modes were identified using a perturbation method, and Q-values measured. Impedance was determined from multiplying the measured Q by the WQ determined by URMEL-T computations.
II. HOM DAMPING IN THE FEEDER

WAVEGUIDE
The ALS radiofrequency accelerating system uses two 500 MHz cavities with reentrant nosecone geometry, aperture coupled to the feeder waveguide. A detailed description is given elsewhere [3] . A single klystron feeds the cavities, via a magic-tee junction, and in the the waveguide sections between magic-tee and each cavity are H-plane and E-plane low-pass filters. These filters consist of right-angle tee-junctions with one arm of the tee a bifurcated waveguide section. A metal plate along the center of the broad wall prevents propagation of the 500 MHz wave, but allows higher frequency waveguide modes to pass on either side. At the ends of these bifurcated tee sections are p k e d loads made of absorbing material cast into a section of bifurcated waveguide. A similar arrangement exists behind the bifurcated matching stub. The system is designed to absorb higher order mode power coupled out of the cavity into the waveguide, providing damping of those HOMs that couple to the filters.
III. NUMERICAL, COMPUTATIONS
Since there is no simple method of modelling the cavity with feeder waveguide and loads included, the longitudinal and transverse (dipole) modes were computed using the URMEL-T code [4] for the basic cavity geometry. This two-dimensional model computes modes in an isolated cavity with cylindrical symmetry, with no feeder waveguide or coupling aperture. The results are shown in table 1 for longitudinal modes and in table 2 for transverse (dipole) modes, up to the cut-off frequencies of the beam tubes (2.5 GHz for dipole modes, 3.3 GHz for longitudinal (monopole) modes).
The required damping factor indicates the reduction in impedance necessary to ensure that higher order modes in the cavities do not drive coupled bunch instabilities beyond the capabilities of the feedback system to damp the motion. This makes the conservative assumption that the two cavities in the storage ring have exactly the same higher order mode spectrum and thus HOMs coincide in fi-equency.
MAFIA computations of a three-dimensional cavity model including coupling aperture were useful in identifying HOMs. In particular the three-dimensional modelling allows determination of the orientation of the two polarizations of the dipole modes, and also gave some indication of which modes would couple most effectively into the waveguide. 
IV. MEASUREMENTS OF THE TEST CAVITY
A spare cavity identical to the storage ring cavities was used for the measurements of the higher order modes. A coupling waveguide togethex with cylindrical ceramic window was mounted onto the cavity, and the higher order mode filters, created by bifurcated waveguide sections, were attached to either end of the coupling waveguide. The layout used in the measurement is a reasonably accurate simulation of the real configuration, although neglecting the effects of waveguide bends, tee-junctions, magic-tee and the circulator.
Modes were excited in the cavity by using electric probes inserted into the beam pipes, one on either side of the cavity. The probes were held near to the beam pipe wall on an acrylic support structure which allowed rapid adjustment of the position of the probes. By adjusting the azimuthal position of these probes while monitoring the S21 signal the longitudinal and transverse cavity modes were excited. 'Ihe frequencies at which to look for particular modes were found in the URMEL-T and MAFIA computations. The Q-value of each mode was measured from the width of the S21 resonance curve, at the half power points. In order to identify the modes a perturbation method was used. A hollow cylindrical needle was threaded onto a nylon line strung inside the cavity between adjustable supports mounted on the beampipe flanges. The needle was h w n through the cavity at various displacements with respect to the cavity axis (on-axis, horizontally and vertically off-axis), with the long dimension of the needle parallel to the cavity axis. Using a needle of aspect ratio (length to diameter) 291 the longitudinal electric field was perturbed. Qualitative observations of the perturbation patterns allowed identification with the corresponding computed mode. A longitudinal mode would exhibit no significant difference in percurbations when the needle was on axis or any position off axis. A dipole mode would show maximum perturbation off axis at one azimuth, with negligible perturbation either on axis or off axis displaced 90".
Since the asymmetry of the real cavity splits the degeneracy of the dipole modes, we have two modes for each dipole mode predicted by UF2MEL-T. These modes are found at slightly different frequencies and with different azimuthal orientations of the fields. For most dipole modes measured the field distributions were such that the mode would couple principally to either horizontal or vertical motion of the beam, hence &modes weredesignatedas H at V.
Although the WQ for the HOMs m the real cavity may vary from the idealistic case of cylindrical symmetry, the e m involved in assuming that WQ is unchanged with tbe addition of tbe aperture coupled waveguide is generally small [5] . longitudinal modes, and table 4 for dipole modes. Almost all of the predicted modes were found, and a comparison with tables 1 and 2 shows that the damping via the feeder waveguide is very effective for most modes.
The Q values of modes above 2.8 GHz were difficult to measure due to the presence of fields at the ends of the beam pipes, and conservative estimates of the Q values are given.
7.4 1.8 4.5 Variations of cavity temperature and tuner position may overcome coupled bunch instabilities driven by these modes, however it may be difficult to solve the problem for all modes simultaneously. The stability of coupled bunch motion in the ALS is discussed elsewhere [2] .
Damping of the strongest HOM's using probes in the cavity pumping port will be investigated as a solution to this problem.
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